Abstract. This paper introduces MEMS accelerometer static calibration method based on the PSO algorithm. According to the mathematical model of the MEMS accelerometer, the PSO algorithm is applied to estimate the mathematical model, including scale factors, bias, and installation errors. The method does not require a three-axis rotary platform, and the calculation is simple, easy to implement, high accuracy and provides a new choice for outdoor testing environment. Analyzing the experimental data, the random errors in the sampling process have been eliminated effectively, and the calibration effect is better than the commonly static correction method.
Introduction
With the increasing of MEMS manufacturing technology, MEMS devices have been widely used and are rapidly spreading, especially in autonomous navigation, motion capture and rehabilitation medical care. Among MEMS sensors, MEMS accelerometer is the most widely used.
In order to improve accelerometer's measurement accuracy, the calibration of the acceleration's output is necessary. Currently, the most common method is the maximum and minimum method, but this method can only estimate the scale factor error and bias, and is susceptible to the influence of random errors. Seong [1] , Vladimir Chapsky [2] and Gustavo [3] proposed the their calibration method, which increased the reliability and accuracy of the measurement. But the basic principle is similar to static calibration method. This paper first analyzes the error sources of MEMS accelerometer, set up the trial accelerometer mathematical model, proposes the PSO static calibration method based on the ellipsoid constraint. The result shows the validity of the proposed approach.
Preliminaries The Accelerometer Static Calibration Mathematical Model
This paper uses the trial accelerometer ADXL345 manufactured by ADI. This paper sets its measurement range for ± 2 g, so 1 g = 255 Counts. The data is collected through I2C bus, sampled at 40 Hz.
Analyzing MEMS accelerometer measurement principle and environment, we can know the main errors include three gain factors, three biases and installation errors [4] .According to the characteristics of the measurement error, the MEMS accelerometer error model in an inertial measurement unit is equation (1) . accelerometer; x n , y n , z n are random measurement noise.
The Six-position Static Calibration Method of MEMS Accelerometer
For different error models,static calibration of the accelerometer uses different static position. In order to avoid the random measurement noise,each static position is sampled five times, interval 1s and the measurement results are the average of five dates. Substituting the ideal measurement values into the equation (1) 
According to equation (2), (3) (4) 
Substitute the actual measurement values into the equation (5) 
Accelerometer static Calibration method based on the PSO algorithm
The PSO algorithm is a stochastic, swarm intelligence based on global optimization algorithm, and has the advantages of fast convergence, easy to be implemented, a simple calculation model and insensitive to initial value. Analyzing a number of improved PSO algorithm, Daniel Bratton and James Kennedy proposed the standard PSO algorithm in 2007 [5] . When the accelerometer is in standstill, the accelerometer measurement is the acceleration of gravity. In this paper, 
Analysis of Experimental Results
Through the I2C bus, collect the original acceleration, and sample a total number of 1936 at 40Hz. According to the six-position and PSO static calibration method, calibrate the original acceleration respectively. Distribution of the acceleration's amplitude is shown in Figure 1 .
From Figure 1 , the amplitude of the acceleration is calibrated by the PSO static calibration method, distributed in 1g nearby, and its calibration effect is better than of six position static calibration method. The standard deviation of the original acceleration's amplitude is 0.1098g. If calibrated by the PSO static calibration method, the standard deviation of the acceleration's amplitude is 0.036g. If calibrated by the six-position static calibration method, the standard deviation of the acceleration's amplitude is 0.0447g; and the standard deviation of the PSO static calibration method is 20% smaller than the standard deviation of the six-position static calibration method. Fig.1 Amplitude distributing of the acceleration before-and-after calibration According to the equation (6) and (8), the measurement values of X, Y, Z axes are calibrated, and the measurement standard deviation is shown in Table 1 . It can be concluded that the measurement standard deviation of the PSO static calibration method has been significantly decreased, compared with the six-position static calibration method. 
Conclusions
This paper proposes the Accelerometer static calibration method based on the PSO algorithm. The method is accurate, easy to operate. This paper compares the proposed method with the six-position static calibration method. The experimental results verify the validity of the method. Similar to other static calibration methods, the PSO static calibration method can not estimate the dynamic error of the accelerometer,so it is necessary to filter the acceleration measurement.
